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HIGH PERFORMANCE BIPOLAR 
DIFFERENTIAL SENSE AMPLIFIER IN A 

BIICMOS SRAM 

BACKGROUND OF THE INVENTION 

Integrated circuit memory devices are often orga 
nized into rows and columns of memory cells, with the 
rows and columns separately selected based on the 
value of the portions of the memory address which 
represent row and column addresses. In such devices, 
the term “word lines” generally refers to a set of con 
ductors of which one, when active, selects the ad 
dressed row of memory cells; the term “bit lines” gener 
ally refers to a set of conductors which communicate 
data between memory cells in the addressed row and a 
sense ampli?er. The sense ampli?er is a circuit which 
senses the data state of the data on an associated bit line, 
and which generally ampli?es the sensed data state for 
communication to output stages of the circuit. 
Due to the drive capability of static memory cells, 

where the memory cell consists of a latch, multiple 
columns in many static random access memories 
(SRAMs) share a single sense ampli?er. With reference 
to FIG. 1, each column of a memory array is connected 
by line 3 to its associated sense ampli?er 10 through 
each column’s associated pass transistor 7. Pass transis 
tor 7, when turned on, allows electrical connection of a 
selected column to sense ampli?er 10. Since the change 
in charge, Q, is equal to the capacitance, C, times the 
change in voltage, ~ V, across the capacitor in pass 
transistor 7, that is Q=C ~ V, then the time, t, to charge 
the capacitor is a function of Q over the charging cur 
rent, I, or rather t=f(Q/ I). It is apparent that pass tran 
sistor 7 should be as large as possible in order to drive 
sense amp 10. However, as pass transistor 7 increases in 
size, its capacitance increases in size thereby decreasing 
the switching speed of the pass transistor and thus slow 
ing down the operation of the memory device. 

OBJECTS OF THE INVENTION 

It is an object of the invention to provide a new and 
improved sensing and decoding scheme for a RAM 
device. ' 

It is an object of the invention to provide a new and 
improved sensing and decoding scheme for a static 
RAM device. 

It is another object of the invention to provide a 
sensing and decoding scheme for a static RAM device 
which allows for a reduced data line load for sense 
ampli?ers. 

It is a further object of this invention to provide such 
a scheme for an static RAM having a single sense ampli 
?er for each column of memory cells. 

It is still another object of this invention to provide a 
layout for such a scheme. 
These and other objects of the invention, together 

with the features and advantages thereof, will become 
apparent from the following detailed speci?cation when 
read together with the accompanying drawings in 
which applicable reference numerals have been carried 
forward. 

SUMMARY OF THE INVENTION 

The foregoing objects of the invention are accom 
plished by a sensing and decoding scheme wherein a 
sense ampli?er is provided in a one-to-one correspon 
dence with each column of a memory array comprising 
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2 
memory cells. The columns of memory are arranged in 
pairs and each pair is associated with a sense ampli?er. 
Each sense ampli?er includes transistors and is as 

signed to an associated set. Terminals of selected tran 
sistors from sense ampli?ers from the same set are con 
nected together so as to form a pair of data lines. 
The sense ampli?ers and their associated memory cell 

column pairs are positioned so as to ?t within the 
pitches of the memory cells of the associated memory 
cell column pairs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a drawing illustrating a prior art sensing and 
decoding scheme. 
FIG. 2 is an electrical diagram, in block form, of a 

static random access memory (SRAM) incorporating 
the invention. 
FIG. 3 is an electrical diagram, in schematic form, of 

a conventional CMOS memory cell as can be used in 
the SRAM of FIG. 1. ‘ 

FIG. 4 is an electrical diagram, in schematic form, of 
a bit linepair in‘ conjunction with the bit line pull-up 
circuitry and ?rst stage sense ampli?er. 
FIGS. 5 and 6 are electrical diagrams, in schematic 

form, illustrating biasing of the pull-up transistors for 
read and write cycles according to the invention. 
FIG. 7 is a timing diagram showing the operation of 

the column of FIG. 4 during read and write cycles. 
FIG. 8 is an electrical diagram, in block form, illus 

trating the interconnection of the ?rst stage and second 
stage sense ampli?ers. . 

FIG. 9 is an electrical diagram, in schematic form, of 
the interconnection of a group of ?rst stage sense ampli 
?ers to a pair of local data lines. 

FIG. 10 is an electrical diagram, in schematic form, of 
a second stage sense ampli?er. 
FIG. 11 is a drawing illustrating the sensing and de 

coding scheme layout. 
FIG. 11a illustrates a portion of the photolitho 

graphic mask which indicates the position of a continu 
ous common collector region. 
FIGS. 12, 13, 14, 14a, and 15 are drawings of super 

positioned masks which show the relative locations of 
selected elements. 
FIGS. 16 through 30 are cross-sectional views of a 

BiCMOS semiconductor structure in various states of 
fabrication, according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Because of the large capacitance possible attributable 
to pass transistors 7, shown in FIG. 1, it is desirable to 
eliminate pass transistors 7 completely and provide each 
column in the memory cell array with its own sense 
ampli?er 10 so as to provide a one-to-one correspon 
dence between columns and sense ampli?ers. Addition 
ally, a smaller effective bit line results through the elimi 
nation of the sense ampli?ers. This gives the individual 
sense ampli?ers better resolution in that they are able to 
detect smaller differential voltages due to the elimina 
tion of the capacitance associated with the eliminated 
sense ampli?ers. 
However, the provision of one sense ampli?er per 

column increases the load that a particular sense ampli 
?er is required to drive. In a 256 kbit SRAM organized 
into 256 rows by 1024 columns, for example, 1024 sense 
ampli?ers must be provided for a one-to-one correspon 
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dence between sense ampli?ers and columns. The sense 
ampli?er which is associated with the selected column 
must be capable of driving a data line which is connect 
able to the 1023 other sense ampli?ers. The capacitive 
load of such a long data line, especially including the 
parasitic load provided by isolation transistors decou 
pling the unselected sense ampli?ers from the data line, 
either requires the provision of large drive transistors in 
each sense ampli?er, or results in reduction in read 
access time performance. It should be noted that in the 
architecture where a single sense ampli?er is provided 
for each column, the space required for a sense ampli?er 
in one dimension (i.e., the sense ampli?er pitch) can be 
no greater than the space required for providing a col 
umn of memory cells (i.e., the column pitch), without 
signi?cantly expanding the size of the integrated circuit 
required for incorporating the SRAM device; such a 
pitch constraint will, of course, limit the size of the 
drive transistors which can be provided within the sense 
ampli?er. 

Referring now to FIG. 2, a block diagram of a static 
random access memory (SRAM) 1 is illustrated. This 
embodiment of SRAM 1 is a 256 k bit memroy, having 
a single input/output terminal [/0 (i.e., SRAM 1 is 
organized as a 256 k by 1 memory). The storage ele 
ments of SRAM 1 are contained in array 2, which in this 
embodiment is organized into 256 rows by 1024 col 
umns. SRAM 1 receives address information on address 
inputs A". To individually address each bit within the 
256 k bit memory, address inputs A” number eighteen. 
Of course, if more than one bit were to be accessed at a 
time (for example, if 256 k bit SRAM 1 were organized 
as a 32 k by 8 memory, having eight inputs and eight 
outputs), fewer address inputs A,I would be required. 

Address inputs A,I are received by address buffers 4 
which, as is well known in the art, latch and retain the 
value of the address externally presented at address 
inputs A". Eight of the eighteen address bits received by 
address buffers 4, such eight bits corresponding to a row 
address, are communicated to X decoder 6, for selecting 
one of the 256 rows in array 2. The remaining ten bits 
received by address buffers 4, corresponding to a col 
umn address, are communicated to ?rst stage Y decoder 
8, for selection of one of the 1024 columns in array 2 to 
be sensed by one of the 1024 ?rst stage sense ampli?ers 
10. Each of the 1024 columns, and accordingly each of 
the l024 ?rst stage sense ampli?ers, are associated with 
a complementary pair of bit lines, as will be described 
hereinbelow, and the selected one of the 1024 ?rst stage 
sense ampli?ers senses the differential voltage of the 
complementary bit lines. A bank of bit line pull-up tran 
sistors 21 are provided in SRAM 1, as will be explained 
in further detail below. 

Five of the ten column address bits are also communi 
cated to second stage Y decoder 12, for selection of one 
of the second stage sense ampli?ers 14. While FIG. 2 
illustrates two separate Y decoders 8 and 12, second 
stage Y decoder 12 may alternatively be incorporated 
into ?rst stage Y decoder 8. Such incorporation would 
use the output of the second stage sense ampli?er 14 not 
only to select the appropriate second stage sense ampli 
?er 14 but also in the decoding of the column address 
signal to select one of the ?rst stage sense ampli?ers 10, 
if multiple decoding stages are desired within ?rst stage 
Y decoder 8 and if the break between decode stages 
therewithin is made at the point necessary to select one 
of the second stage sense ampli?ers 14. The 1024 ?rst 
stage sense ampli?ers 10 are grouped into thirty-two 
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4 
groups of thirty-two, with each group having a comple 
mentary pair of local data lines 16 as an output. One of 
second stage sense ampli?ers 14 is associated with each 
group of thirty-two ?rst stage sense ampli?ers, and 
receives at its input the associated pair of local data lines 
16. A complementary pair of data-out lines 18 are 
driven by second stage sense ampli?ers 14. In operation, 
the ?rst stage sense ampli?er 10 which corresponds to 
the column address is enabled by a signal from ?rst 
stage Y decoder 8, while Y decoder 8 disables the others 
of ?rst stage sense ampli?ers 10 from sensing the data 
state of its associated pair of bit lines from array 2. The 
one of second stage sense ampli?ers 14 which corre 
sponds to the group of ?rst stage sense ampli?ers 10 
having the selected column is also enabled, and the 
others of second stage sense ampli?ers 14 are disabled. 
The selected one of second stage sense ampli?ers 14 
presents, on data-out lines 18, a differential voltage 
which is the ampli?cation of the differential voltage on 
the local data lines 16 at its input, for communication to 
input/output circuitry 20. Input/output circuitry 20 
communicates the state of data-out lines 18 to input 
/output terminal I/O. 

Input/output circuitry 20 of SRAM 1 of FIG. 2 also 
receives input data from input/output terminal I/O; the 
determination of whether a read or a write cycle is 
desired depends upon the state of terminal R/W_, con 
nected to input/output circuitry 20. During a write 
cycle, input/output circuitry 20 presents the logic state 
externally presented at input/output terminal I/O onto 
data-in bus 22, which presents the true and complement 
states of the input data to ?rst stage sense ampli?ers 10 
for communication to the selected memory cell in array 
2. Data-in bus 22 is also connected to pull-up control 
circuitry 23, to effect the write recovery operation 
described in further detail hereinbelow. 
SRAM 1 also has reference voltage circuit 24, which 

receives the power supply voltages Vcc and Vee (ground 
potential). Power supply voltages Vcc and Veg are 
routed to transistors throughout SRAM 1 for biasing 
purposes, such routing not shown in FIG. 2 for pur 
poses of clarity. The particular embodiment of SRAM 1 
described herein is a BiCMOS SRAM, utilizing both 
bipolar transistors, as well as p-channel and n-channel 
MOS transistors. Certain circuits in this embodiment of 
SRAM l are realized in in emitter-coupled logic. Where 
emitter-coupled logic is used, reference voltage circuit 
24 provides a band-gap reference voltage. 

Referring now to FIG. 3, a conventional CMOS 
static memory cell 24 as incorporated into BiCMOS 
SRAM 1 is illustrated. Memory cell 24 is constructed 
according to the well-known cross-coupled inverter 
realization; since both p-channel and nchannel transis 
tors are available, CMOS inverters are used in memory 
cell 24. A ?rst CMOS inverter in memory cell 24 is 
made up of p-channel transistor 26 and n-channel tran 
sistor 28 having their source-to-drain paths connected in 
series between V6c and ground, and having their gates 
tied together. The second CMOS inverter in memory 
cell 24 is similarly constructed, with p-channel transis 
tor 30 and n-channel transistor 32 having their source 
to-drain paths connected in series between V“ and 
ground, and their gates also common. The cross-cou 
pling is accomplished by the gates of transistors 26 and 
28 being connected to the drains of transistors 30 and 32 
(node S2 of FIG. 3), and by the gates of transistors 30 
and 32 being connected to the drains of transistors 26 
and 28 (node S1 of FIG. 3). N-channel pass transistor 34 
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has its source-to-drain path connected between node S1 
and a ?rst bit line BL, and has its gate connected to 
word line WL. N-channel pass transistor 36 similarly 
has its source-to-drain path connected between node S2 
and a second bit line BL_, and has its gate also con 
nected to word line WL. 

In operation, the voltages of node S1 and S2 will 
necessarily be logical complements of one another, due 
to the cross-coupled nature of the CMOS inverters 
within memory cell 24. When word line WL is ener 
gized by X decoder 6 shown in FIG. 2, according to the 
row address received at address inputs A”, pass transis 
tors 34 and 36 will be turned on, coupling nodes S1 and 
S2 to bit lines BL and BL_, respectively. Accordingly, 
the state of bit lines BL and BL_ will be logical comple 
ments of one another when a memory cell 24 is con 
nected thereto by the energizing of word line WL. 
As described above for this embodiment, there are 

256 word lines WL and 1024 pairs of bit lines BL and 
BL_ in array 2 of FIG. 2. For each value of the row 
address decoded by X decoder 6, one word line WL 
will be energized, connecting 1024 memory cells 24 to 
the 1024 pairs of bit lines BL and BL_... Since the other 
255 word lines WL will be at a low logic level, only the 
one memory cell 24 associated with the selected word 
line WL in each column will be connected to the pair of 
bit lines BL and BL_ at a time. 

Referring now to FIG. 4, a column of array 2 is illus 
trated. Only two memory cells 24 are illustrated, in 
conjunction with only two word lines WL,, and WL,,+1, 
for purposes of clarity; as described above, each column 
has 256 memory cells 24 associated with 256 indepen 
dent word lines WL. In the column shown in FIG. 3, 
cells 24 are shown connected to complementary bit 
lines BL and BL_. Bit lines BL and BL_ are connected 
to ?rst stage sense ampli?er 10 and, via n-p-n pull-up 
transistors 38a and 38b, respectively, to V“. Pull-up 
transistors 38 correspond to bit line pull-ups 21 shown 
in FIG. 2. The bases of pull-up transistors 38a and 38b 
are driven by pull-up control circuitry 23, which re 
ceives clocked input data from input/output circuitry 
20 on data-in bus 22. Pull-up resistors 39a and 39b are 
connected between the emitter of transistors 38a and 
38b and bit lines BL and BL_, respectively, to optimize 
the timing of the cross-over of bit lines BL and BL_(in 
dicating the sensed data) when pulled up by transistors 
38a and 38b in a read operation. 

First stage sense ampli?er 10 consists of two emitter 
coupled n-p-n transistors 42a and 42b, which have their 
bases connected to bit lines BL and BL_, respectively. 
The emitters of transistors 42a and 42b are connected to 
the drain n-channel transistor 45, which has its source 
coupled to ground and its gate connected to line YSEL. 
Transistor 45 is turned off when the column is not se 
lected (i.e., line YSEL low), and is turned on to act as a 
current source when the column is selected (i.e., line 
YSEL high). Line YSEL also is connected to p-channel 
transistor 47, which serves to equalize bit lines BL and 
BL_ when transistor 47 is on due to line YSEL low. 
Line YSEL, for a particular column, is low during 
cycles in which the column is not selected, equalizing 
bit lines BL and BL_. The collectors of transistors 42a 
and 42b are connected to local data lines 16_ and 16, 
respectively. As described above for this embodiment, 
thirty-two ?rst stage sense ampli?ers 10 share local data 
lines 16 and 16_. Local data lines 16 and 16a_‘a,,pu11ed 
up m V“- by resistors 44. 
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6 
The write circuitry for a particular column consists of 

n-channel transistors 48a and 48b, which have their 
source-to-drain paths connected in a path between bit 
lines BL and BL_, respectively, and ground. The gates 
of n-channel transistors 48a and 48b are controlled by 
data-in lines 22_. and 22, respectively, one of which is 
taken to a high logic level at the time that a write opera 
tion is to occur, with the choice between data-in line 22 
and 22_ depending upon the input data received at 
input/output terminal I/O. During read cycles, both 
data-in lines 22 and 22_ remain at a low logic level. 
N-channel transistors 46a and 46b are connected in 
series between transistors 48a and 48b, on the one hand, 
and bit lines BL and BL_, respectively, on the other 
hand. The gates of both of transistors 46a and 46b are 
controlled by line YSEL, so that the state of data-in 
lines 22 and 22_. affects only the selected one of the 
1024 columns, and is isolated from the other columns. 
FIG. 5 illustrates the equalivalent circuit for a se 

lected column of FIG. 4 in a read operation. FIG. 7 is a 
timing diagram showing, in the ?rst cycle therein, the 
operation of the read cycle. During a read cycle, both of 
data-in lines 22 and 22_ of FIG. 4 will be at a low logic 
level. Responsive thereto, pull-up control circuitry 23 
will present V“ to the bases of each of pull-up transis 
tors 38a and 38b (nodes A and B on FIGS. 5 and 6) so 
that the voltage at the emitters of transistors 38a and 38b 
is the same, Vac-V1”, where Vbe is the forward-biased 
diode drop across the base-emitter junction. The mem 
ory cell 24 selected by its word line WL will present a 
differential voltage on bit lines BL and BL_. This de 
scription will be for the case where bit line BL is high 
relative to bit line BL_. Accordingly, since bit line BL 
is higher than bit line BL_, the associated ?rst stage 
sense ampli?er transistor 420 will be turned on more 
than transistor 42b associated with bit line BL_. Since 
transistor 45 is on, and acts as a current source to keep 
the sum of the currents through transistors 42a and 42b 
constant, the higher drive at the base of transistor 420 
will cause the bulk of the current through transistor 45 
to ?ow through transistor 42a relative to transistor 42b. 
Due to pull-up transistors 38a and 38b, bit line BL will 
remain at approximately VCC-Vbe, while bit line BL_. 
will slightly drop in voltage, as shown in FIG. 7. 

Since transistor 42a is conducting the bulk of the 
current passing through transistor 45, relative to transis 
tor 42b, local data line l6_ will be pulled low, while 
local data line 16 will remain high due to the minimal 
drive through transistor 42b. The other ?rst stage sense 
ampli?ers 10 which share local data lines 16 and 16_ 
will have their respective transistors 45 turned off, so 
that the only transistor pulling down one of data lines 16 
and 16_ will be the transistor 420 or 42b driven by the 
higher bit line BL or BL_ associated with the selected 
column. 
FIG. 6 illustrates the equivalent circuit during a write 

operation for a column constructed according to the 
invention and shown in FIG. 4. One of the data-in lines 
22 or 22_. will be pulled to a high level by input/output 
circuitry 20, depending upon the input data received at 
input/output terminal 1/0; in the example explained 
herein, data-in line 22 will be pulled to a high logic level 
for the write operation. This occurs at time t,,. shown on 
FIG. 7. Accordingly, transistor 48b of the column of 
FIG. 4 will be turned on by data-in line 22; since YSEL 
is asserted to a high level for the selected column, tran 
sistor 48b selects bit line BL... to be pulled to a low level 
to effect the write, as illustrated in FIG. 6. 




















